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(54) Ink jet printer head. 

(57) An ink jet printer head has a piezoelectric 
ceramic element (1) with a plurality of ink reser- 
voirs (12) wherein at least one side wall (11) of 
each reservoir is made of a piezoelectric 
ceramic material and has an electrode (13) for 
driving the piezoelectric ceramic element for- 
med on the wall. The electrode (13) is covered 
with an inorganic passive state protective film 
(20), and the protective film (20) has a thickness 
of from 0.1 |xm to a value smaller than 1/8 of a 
thickness of the wall (11) in maximum or a 
density of not smaller than 1.8g/cm 3 . The pro- 
tective film (20) may be formed to cover all inner 
surfaces of each reservoir (12). 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an ink jet printer head of 
the type having ink reservoirs wherein at least one of 
the walls of each reservoir is made of a piezoelectric 
ceramic material and is activated by an electrode. 

2. Description of the Related Art 

Ink jet devices making use of piezoelectric cer- 
amic elements are known and have been hitherto pro- 
posed including, for example, drop-on-demand type 
ink jet devices. The device is arranged so that a pie- 
zoelectric ceramic element has a number of grooves, 
each individual grooves having the capacity to deform 
due to the piezoelectric ceramic material. When the 
capacity or volume of a groove is reduced, ink in the 
groove is jetted from a corresponding nozzle in the 
form of droplets. When the capacity is increased, the 
ink is introduced from an ink introducing pipe into the 
groove. A multitude of nozzles are provided adjacent 
to one another, so that when ink droplets are jetted 
from given nozzles according to given printing infor- 
mation, a desired letter or image is formed on a paper 
sheet provided in face-to-face relation with the noz- 
zles. 

Referring to Fig. 1, a known ink jet device is 
shown. The device includes a piezoelectric ceramic 
element 1 having a plurality of grooves 12 wherein the 
element 1 is polarized in the direction of arrow 4. The 
device also includes a cover plate 2 made of a ceram- 
ic or resin material bonded with the element 1 through 
a bonding layer 3 such as an epoxy adhesive, thus de- 
fining the plurality of grooves 12 as ink passages. In- 
dividual ink passages have an elongated shape with 
a rectangular section and each includes side walls 11 
extending over the entire length of the ink passage. 
The side walls 11 are formed with a metal electrode 
13, to which a drive electric field is applied, on oppo- 
site surfaces thereof extending from the top of the 
side wall in the vicinity of the adhesive layer 3 at the 
apex of the side wall 11 toward the central portion of 
the side wall 11 . Each electrode 13 is covered with a 
protective film 20 as shown. Ink is filled in all of the 
ink passages during operation. 

The operation of the device is illustrated with ref- 
erence to Fig. 2, which is a sectional view of an ink jet 
device. In the ink jet device, if a groove 12 is, for ex- 
ample, selected according to given printing informa- 
tion, a positive drive potential is quickly applied be- 
tween the metal electrodes 13e and 13f, and metal 
electrodes 13d and 13g are connected to ground. By 
this arrangement, a drive electric field acts on the 
side wall 11b along the direction of arrow 14b and on 
the side wall 11c along the direction of arrow 14c. 
Since the drive electric fields 14b and 14c are 



crossed at right angles with respect to the direction 4 
of polarization, the side walls 11b, 11c are rapidly de- 
formed in the direction of inside of the groove 12b ow- 
ing to the piezoelectric perpendicular slide effect. The 

5 deformation contributes to the reduction in capacity 
of the groove 12b, leading to the quick increase of 
pressure exerted on an ink. This eventually generates 
a pressure wave in the groove 12b, so that ink drop- 
lets are jetted from a nozzle 32 of Fig. 3 in communi- 

10 cation with the groove 12b. If the application of the 
drive potential is gradually stopped, the side walls 1 1 b 
and 11c are returned to the respective positions prior 
to the deformation, and, thus, the ink pressure within 
the groove 12b is lowered. Accordingly, fresh ink is 

15 supplied from an ink inlet port 21 of Fig. 3 through a 
manifold 22 into the groove 12b. 

In conventional ink jet devices, a drive potential 
may be applied, prior to the jetting operation, in a re- 
verse direction as described above to initially supply 

20 the ink. Subsequently, the drive potential is abruptly 
stopped, by which the side walls 11b, 11 care, respec- 
tively, returned to the original positions thereof, there- 
by causing the ink to be jetted. 

Next, reference is made to Fig. 3 showing a per- 

25 spective view of an ink jet device to illustrate arrange- 
ment and fabrication of the known device. The piezo- 
electric ceramic element 1 is formed with grooves 12 
according to cutting by a thin disk-shaped diamond 
blade or the like. The grooves 12 are arranged paral- 

30 lei to one another and have substantially the same 
depth throughout the piezoelectric ceramic element 1 
but are gradually smaller in depth as they approach 
opposite end faces 15. In the vicinity of the end faces 
15, a shallow, parallel groove portion 16 is provided. 

35 The metal electrodes 1 3 are formed on the inner side 
walls of each groove 12 according to known techni- 
ques such as sputtering. The protective layer 20 is 
formed on the inner surfaces of the grooves 12 by a 
dry or wet method so as to cover the electrodes 13 

40 therewith. 

A cover plate 2 made of a ceramic or resin mate- 
rial is subjected to grinding or cutting to make an ink 
introducing port 21 and a manifold 22. The piezoelec- 
tric ceramic element 1 and the cover plate 2 are bond- 

45 ed by an epoxy adhesive or the like such that the side 
of the element 1 having the grooves 12 and the side 
of the plate 2 having the manifold are facing each 
other. A nozzle plate 31 having nozzles 32 provided 
in correspondence with the respective grooves 12 is 

so bonded at one end face of the piezoelectric ceramic 
element 1 and the cover plate 2. Asubstrate 41 having 
a pattern 42 of conductive layers positioned to corre- 
spond to the respective grooves 12 is bonded, prefer- 
ably by an epoxy adhesive, to a side opposite to the 

55 groove 1 2, or the bearing side of the element 1 . Metal 
electrodes 13 formed at the bottom of each shallow 
groove portion 16 of the grooves 12 are connected to 
the pattern 42 of conductive layers through conduc- 
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tive wires 43 through wiring bonding. 

Referring to Fig. 4, a block diagram of a known 
control unit is shown to illustrate an arrangement of 
the control unit. The conductive layers of the pattern 
42 on the substrate 41 are individually connected to 
an LSI chip 51 , and a clock line 52, a data line 53, a 
voltage line 54 and a ground line 55 are, respectively, 
connected to the LSI chip 51. The LSI chip 51 deter- 
mines which nozzles are used to jet ink droplets 
based on data appearing on the data line 53 on the 
basis of on a continuous clock pulse passed from the 
clock line 52. Then, a voltage V of the potential line 
54 is applied to selected conductive layers of the pat- 
tern 42 connected to the corresponding metal electro- 
des 13 of the grooves 12 to be driven. At the same 
time, conductive layers of the pattern 42 connected 
to the metal electrodes 1 3 other than the applied elec- 
trodes are applied with a voltage of 0 V from the 
ground line 55. 

In the ink jet printer head having such an arrange- 
ment or mechanism as set forth hereinabove, a pro- 
tective film 20 is provided to ensure insulation protec- 
tion of individual electrodes 13 and to prevent the 
electrodes from being corroded. The protective film 
20 is preferably made of an inert inorganic passive 
state film having an alternately built-up structure of 
silicon nitride (SiN x ) and silicon oxynitride (SiON). 

However, the protective film for insulation protec- 
tion of the electrodes of the ink jet head influences 
performance of the electrode due to its thickness. 
The film affects characteristics such as insulation 
breakdown characteristics, adhesion, stability and 
the like, and deformation characteristics of jetting ink. 
If the film thickness is too small, the insulating prop- 
erties are poor. If the thickness is too large, deforma- 
tion characteristics are worsened, with attendant 
drawbacks such as cracks and film separation. The 
failures of the protective film relate to the stability in 
quality of the printhead. Since no limitation is placed 
on the thickness of the protective film in the prior art, 
the characteristics of the protective film are not uni- 
form. Thus, problems occur in the quality of the print- 
head causing poor performance with a lowering of 
yield. 

Moreover, in the prior art, no limitation is placed 
on how to form the protective layer for the coverage. 
This also leads to failures in head-to-head uniformity 
of protective film characteristics, quality and stability, 
resulting in a lowering of yield. 

Likewise, no limitation is placed on the type of 
protective layer in the prior art. This leads to failures 
in head-to-head uniformity of protective film charac- 
teristics, quality and stability, resulting in a lowering 
of yield. 

SUMMARY OF THE INVENTION 

It is accordingly a primary object of the invention 



2 619A1 4 

to provide an ink jet printhead that solves the prob- 
lems of the prior art. 

It is another object of the invention to provide an 
ink jet head wherein the thickness and/or density of 

5 a protective film is defined appropriately, so that the 
film characteristics are improved to provide an ink jet 
head with good stable quality, high yield and low cost. 

To achieve the above and other objects, an ink jet 
printer head is provided according to one embodiment 

10 of the invention comprising a piezoelectric ceramic 
element with a plurality of ink reservoirs wherein at 
least one wall of each reservoir is made of a piezo- 
electric ceramic material and has an electrode for 
driving the piezoelectric ceramic element formed on 

15 the at least one side wall. The electrode is covered 
with an inorganic passive state protective film for in- 
sulation protection. The protective film has a thick- 
ness of from 0.1 urn to a value smaller than 1/8 of a 
maximum thickness of the at least one wall. 

20 According to another embodiment of the inven- 

tion, an ink jet printer head comprises a piezoelectric 
ceramic element having a plurality of ink reservoirs 
each of which has an electrode for driving the piezo- 
electric ceramic element formed on each side wall 

25 thereof. Each reservoir is covered with an inorganic 
passive state protective film at all inner surfaces 
thereof. 

According to a further embodiment of the inven- 
tion, an ink jet printer head comprises a piezoelectric 
30 ceramic element with a plurality of ink reservoirs each 
having an electrode on each side wall thereof covered 
with an inorganic passive state protective film. The 
protective film has a density of not smaller than 
1 .8g/cm 3 . 

35 The ink jet head according to the invention has a 

limited range of the thickness and/or density of an in- 
organic passive state protective film. The range is 
limited due to insulation breakdown owing to a smaller 
thickness of the protective film and deformation char- 

40 acteristics caused by a thicker film. Moreover, if the 
inner surfaces of the ink reservoirs are covered with 
the protective film, further improvements can be ex- 
pected. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of a fundamental ar- 
rangement of an ink jet printhead of the prior art 
usable in the present invention; 

so Fig. 2 is a sectional view of a fundamental ar- 

rangement of an ink jet printhead of the prior art 
usable in the present invention; 
Fig. 3 is an exploded perspective view of an ink 
jet printhead of the prior art usable in the present 

55 invention; 

Fig. 4 is a schematic diagram of a control unit for 
an ink jet printhead of the prior art usable in the 
present invention; 
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Fig. 5 is a schematic view of a CVD apparatus 
used to form a protective film according to the 
present invention; 

Fig. 6 is a graph showing the relation between the 
number of insulation breakdowns and the thick- 
ness of a protective film according to the inven- 
tion; 

Fig. 7 is a graph showing the relation between the 
deformation efficiency and the thickness of a pro- 
tective film according to the invention; 
Fig. 8 is a graph showing the relation between the 
internal stress and the thickness of a protective 
film according to the invention; 
Fig. 9 is a graph showing the relation between the 
number of Cu deposits and the thickness of a pro- 
tective film according to the invention; 
Fig. 10 is a graph showing the relation between 
the etching rate and the density of a protective 
film according to the invention; 
Figs. 11Aand 11 Bare, respectively, FT-IR charts 
of a protective film according to the invention; 
Fig. 12 is a sectional view of an arrangement of 
an essential part of an ink jet printer head accord- 
ing to the invention; and 

Fig. 13 is a graph showing a polarization charac- 
teristic of an electrode film using a protective film 
according to the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

An ink jet printer head according to one embodi- 
ment of the invention is described with reference to 
Figs. 5 to 8. It is noted that a fundamental arrange- 
ment of the ink jet printer head of this embodiment is 
similar to the known heads shown in Figs. 1 to 4 and 
is not further described herein except for the differ- 
ences from the prior art heads. 

The protective film 20, e.g., preferably a SiN x (sil- 
icon nitride) film, is formed on the side walls of each 
groove 12 of the piezoelectric ceramic plate or ele- 
ment 1 according to a CVD or sputtering process as 
shown in Figs. 1 to 4. In this case, x is not critical and 
is preferably a value of 4/3. 

According to the CVD process, for example, a 
film-forming apparatus of Fig. 5 is used including a 
chamber 101, a starting gas introducing pipe 102, an 
exhaust device 1 03 and an RF power source 1 04. The 
film formation is carried out in the following manner. 
A power supply electrode 105 and a sample holder 
106 are placed in the chamber 101 at a distance of 
several centimeters from each other. The piezoelec- 
tric ceramic plate 1 is placed on the sample holder 
106 so that the groove- bearing surface is held facing 
the power supply electrode, followed by evacuation of 
the chamber 101 to an extent of 2E-7 Torr. 

Subsequently, starting gases, SihV^ and NH 3 
and N 2 , are charged into the chamber from the pipe 



102 at rates, for example, of 60sccm, 180sccm and 
90sccm (seem meaning a flow rate per minute, calcu- 
lated as nitrogen), respectively. While passing the 
gases, the chamber 1 01 is maintained at 1 .2 Torr, and 

5 0.8kW is applied to the power supply electrode 105, 
thereby causing high frequency discharge. As a con- 
sequence, the starting gases are converted to chem- 
ical active species, thereby causing decomposition 
and chemical reaction, that is difficult to proceed by 

10 ordinary thermal excitation, to take place. For in- 
stance, such a chemical reaction is a non-equilibrium 
reaction as shown in the following formula (1), with 
which a 1000 angstrom thick SiN x film is formed on 
the substrate on discharge over about 3 minutes. It 

15 will be noted that the film thickness can be appro- 
priately controlled by controlling the discharge time. 
(1) 3SiH 4 + 4NH 3 -> Si 3 N 4 + 12H 2 
To determine a minimum thickness of the protec- 
tive film 20, an insulation breakdown test was effect- 

20 ed wherein the thickness of the SiN x film was 
changed. More particularly, a. conductive aluminum 
film was first formed on a glass substrate according 
to a known sputtering technique, on which a SiN x film 
was formed by the CVD process set out above. Addi- 

25 tionally, an aluminum film was further formed on the 
SiN x film. A resist was spin coated by use of a spin 
coater and subjected to contact exposure through a 
mask having a given pattern. Then, the resist was 
subjected to dipping development to form a given re- 

30 sist pattern. The given pattern was one wherein the 
outermost aluminum film was provided as a test elec- 
trode and had 20 circles with a diameter of 2mm ar- 
ranged in a line at given intervals. This was then fol- 
lowed by immersion in an etching solution foralumi- 

35 num to etch the aluminum at non-resist portions. Fi- 
nally, the resist was removed to leave on the surface 
20 aluminum circles with a diameter of about 2mm at 
given intervals. 

I n the test samples as set out above, the samples 

40 had a thickness of the SiN x protective film changed 
to 0.02, 0.04, 0.06, 0.08, 0.10, 0.12 and 0.14^im. 
These samples were subjected to measurement of in- 
sulation breakdown voltage. More particularly, termi- 
nals in the test were, respectively, contacted with the 

45 aluminum films present at opposite sides sandwich- 
ing the SiN x f ilm therebetween and applied with a vol- 
tage of 100V. The application was maintained over 1 
minute, whereupon insulation breakdown was deter- 
mined as occurring when a current of 1jaA, which was 

50 a minimum scale of an ammeter, was passed. It will 
be noted that a voltage of 1 00V is a value that is sev- 
eral times as high as a possible breakdown voltage 
necessary as a protective film of an inkjet head of the 
invention. 

55 The number of insulation breakdown portions 

among 20 point electrodes per sample was checked, 
revealing that, as shown in Fig. 6, when the thickness 
of the protective film 20 is 0.1 or below, the insu- 
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lation breakdown takes place readily. Worse, when 
the breakdown takes place, the portion broken down 
suffers cracks. This creates a very high possibility 
that the electrode 13 and the PZT material itself will 
be attacked by the ink. 5 

On the other hand, the SiN x film was made thick, 
under which the degree of deformation of the groove 
walls contributing to ink jetting of the ink jet head was 
checked. A piezoelectric ceramic substrate having a 
side wall thickness of 80>m, a side wall height of 10 
500|am and a groove width of 90>m was formed with 
a 2|am thick aluminum electrode film at opposite side 
walls by a dry process such as vacuum deposition to 
provide a test sample substrate. A protective SiN x film 
was formed on the groove walls of the substrate ac- 15 
cording to the CVD process so that the ratio between 
the thickness of the SiN x film and the width of the 
groove wall was 1/100, 1/25, 1/12 and 1/8, respective- 
ly. These samples were each bonded with the cover 
plate set out hereinbefore, followed by application of 20 
a pulse potential of 50V to measure a degree of de- 
formation of the side walls by a laser displacement 
meter. It will be noted that since the thickness of the 
electrode film is much smaller than the thickness of 
the groove wall, the influence of the electrode film 25 
was neglected in considering the deformation of the 
groove walls. 

The results of the measurement were expressed 
as a variation in capacity of adjacent grooves wherein 
the variation of the capacity of the sample with the ra- 30 
tio of 1/100 was taken as 1 . The relation between the 
film thickness of the respective samples and the rat- 
ed deformation efficiency is shown in Fig. 7. As is ap- 
parent from Fig. 7, with the sample having a ratio be- 
tween the thickness of the protective film and the di- 35 
mens ion of the groove wall of the piezoelectric ceram- 
ic of 1/8, the deformation efficiency is significantly 
lowered. This is because Young's moduli of the piezo- 
electric ceramic and the SiN x differ from each other 
with this difference, the increasing thickness of the 40 
protective film significantly influencing the deforma- 
tion. 

The tolerable maximum thickness of the protec- 
tive film can be regulated from an increase of internal 
stress. A SiN x film was formed on a Si wafer by the 45 
CVD process to provide samples having the film 
thicknesses of 2, 4, 6, 8, 10 and 12^m, respectively. 
The internal stress of each sample was measured. 
The measurement was made by measuring the war- 
page of the Si wafer prior to the film formation by a 50 
surface profile analyzer. Then, after the film forma- 
tion, the warpage at the same portion of the wafer was 
measured. The internal stress was determined ac- 
cording to the following equation based on the differ- 
ence between the warpages prior to and after the film 55 
formation: 

(2) a = (h 2 /6d)-{E/(1 -m)}{2(Ay)/R 2 } 
wherein 



h: thickness of wafer (525[xm; 4 inches); 
d: thickness of SiN x film (ranging from 2 to 
12nm); 

m: Poisson's ratio of wafer (0.3); 

R: half of the length of an arc determined by 

measurement of warpage (25mm; 4 inch); 
Ay: maximum variation of warpage at the center of 

wafer; and 

E: Young's modulus of water (1.60E12 
dynes/cm 2 ; orientation of crystal (111)). 

The values after the parentheses above are 
those values of a 4 inch long wafer used in this test. 

The results of the measurement are shown in Fig. 
8, revealing that as the thickness increases, the ab- 
solute value of the internal stress of the film tends to 
increase. Especially, when the thickness of the SiN x 
film is 10jam or over, the stress significantly increas- 
es. The film thickness of 1 0|Am corresponds to a sam- 
ple whose ratio between the film thickness and the 
groove wall dimension of the piezoelectric ceramic is 
1/8. This film suffered cracks and was partially sepa- 
rated from the under layer. The cracks and separation 
were observed through an optical microscope. 

The formation of a thicker film takes a prolonged 
time, thereby causing productivity to be considerably 
lowered. Although the film-forming speed of the Si N x 
film by the CVD process depends on film-forming 
conditions, it is usually in the range of from 0.01 to 
0.05fam. It should take at least 200 minutes before for- 
mation of a 10|am thick film. 

Accordingly, in view of the deformation efficien- 
cy, adhesiveness and stability of the protective film, 
it is preferred that the maximum thickness of the SiN x 
film does not exceed 1/8 of the groove wall thickness 
of the piezoelectric ceramic. This leads to a shorten- 
ing of the production time, i.e., low costs. 

For these reasons, the protective film should 
have a thickness of from 0.1[xm to a maximum value 
that does not exceed 1/8 of the ratio between the 
thickness of the protective film and the groove wall 
width. By this, the protective film 20 can be obtained 
at low costs with good protective film properties such 
as insulating properties, breakdown resistance, ad- 
hesiveness and the like and good ink jet characteris- 
tics. In fact, using the arrangement of this embodi- 
ment, an inkjet head is obtained of high quality having 
stable inkjet characteristics. 

In this embodiment, illustration has been made 
on a SiN x film used as the inorganic passive state pro- 
tective film. When using films of oxides such as Si0 2 
and SiON, which is a mixture of nitride and oxide, and 
built-up films of these compounds, a similartendency 
as in the results of the measurement was obtained. 
Accordingly, when these oxides, nitrides or mixtures 
thereof are used to form a film whose thickness is 
within the above-defined range, an ink jet head of 
high quality having stable inkjet characteristics can 
also be obtained. 
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The quality of the protective film according to the 
invention may be controlled not only by controlling the 
film thickness, but also by controlling another para- 
meter, i.e., a film density. Where, for example, the 
SiN x film is formed as the protective film 20 on the 
grooves 12 of the piezoelectric ceramic plate 1 ac- 
cording to the CVD process set forth hereinbefore, 
the film density should preferably be not smaller than 
1.8g/cm 3 . This value is determined, as set forth be- 
low, by a pinhole test and measurements of a resis- 
tance to buffered hydrofluoric acid (B-HF) and FT-IR 
(Fourier transform IR spectroscopy) of SiN x films 
having different film densities. 

More particularly, the pinhole test was effected 
as follows. A nickel (Ni) film was preliminarily formed 
on a glass substrate as a conductive film according 
to a known sputtering technique, followed by forming 
a 1|am thick SiN x film on the Ni film according to the 
CVD process. By changing forming conditions such 
as, for example, a gas pressure, a substrate temper- 
ature and the like, SiN x films were formed whose den- 
sities were, respectively, 1 .5, 1 .8 and 2.5. These sam- 
ples were each washed with an alkali and then with 
water, and were immersed in a plating bath composed 
of 40g/£ of copper sulfate and 30cc/£ of sulfuric acid. 
Each sample was provided as a cathode, and electro- 
lytic copper was provided as an anode at a position 
away from the cathode at a distance of several cen- 
timeters. An electric current having a current density 
of 1 A/dm 2 was passed between the electrodes to car- 
ry out electrolytic plating for 30 minutes. Originally, 
Cu would not deposit on the SiN x film, which was in- 
sulating in nature. However, if pinholes are present in 
the film, the film becomes electrically conductive 
causing chemical reaction thereby depositing Cu. 

The results of the pinhole test using a Cu decor- 
ation method, wherein Cu deposition caused by the 
pinholes was observed, are shown in Fig. 9. In the fig- 
ure, the abscissa axis indicates the density of the film 
and the ordinate axis indicates the number of Cu de- 
posits observed through an optical microscope in an 
areaof400jam 2 . As will be apparent from Fig. 9, when 
the films having densities of about 1 .5, about 1 .8 and 
about 2.5g/cm 3 are compared with one another, the 
film whose density is 1.5 is observed to include a 
number of Cu deposits. With the films having densi- 
ties of 1.8 and 2.5, there are observed only a small 
number of deposits, and these are considered to re- 
sult from dust at the time of film formation. 

The buffered hydrofluoric acid resistance was 
evaluated by using a similar sample as in the pinhole 
test. The sample was immersed in a buffered 1% hy- 
drofluoric acid solution at 24°C and subjected to 
measurement of an etching rate per minute. The 
amount of reduced film was determined by subjecting 
a stepped portion with the resist covered portion to a 
surface roughness tester. The results are shown in 
Fig. 10, from which it will be seen that when the film 



density is not higher than 1.8, the etching rate be- 
comes large and that when the film density is 1 .5, the 
etching rate amounts to not smaller than 1 0 times that 
of a thermal nitride film. With regard to the FT-IR 

5 (Fourier transform IR spectroscopy) measurement, a 
similar sample as used in the pinhole test was sub- 
jected to measurement within a range of from 400 to 
4000cm- 1 (kayser: wave number). The results on the 
densities of 1.5 and 1.8 are shown in Figs. 11a and 

10 11b wherein the abscissa axis indicates the wave 
number and the ordinate axis indicates a transmit- 
tance. According to Figs. 11a and 11b, the film having 
a density of 1.5 is observed to have an absorption 
peak of the Si-H bond (3340 cm- 1 ) , which is more 

15 conspicuous than that of the film whose density is 
1 .8, revealing a high content of hydrogen in the film. 
The larger content of hydrogen means a poorer acid 
resistance. These results are coincident with those of 
the measurement of the buffered hydrofluoric acid re- 

20 sistance. 

The results of the above test and measurements 
demonstrate that when the density is smaller than 
1.8g/cm 3 , the SiN x film is disadvantageous in that the 
film undesirably has a number of pinholes and is not 

25 dense. Further, the content of hydrogen impurity is in 
excess, resulting in poor acid resistance. 

When the SiN x protective film has a density of not 
smaller than 1.8g/cm 3 , it becomes possible to form 
the protective film 20 with only a reduced number of 

30 pinholes and a reduced content of impurities and is 
dense and excellent in acid resistance. Thus, there 
can be obtained an ink jet printer head of stable qual- 
ity. 

In this embodiment, illustration has been made 

35 on a SiN x f ilm used as the inorganic passive state pro- 
tective film. When using films of oxides such as Si0 2 
and SiON, which is a mixture of nitride and oxide, and 
built-up films of these compounds, a similar tendency 
as in the results of the afore-stated measurements 

40 was obtained. Accordingly, when these oxides, nitr- 
ides or mixtures thereof are used to form a film whose 
density is within the above-defined range, an ink jet 
head of high quality can also be obtained. 

Fig. 1 2 shows another embodiment of the inven- 

45 tion wherein the protective film is formed over the en- 
tire inner walls of the grooves 12. In the foregoing em- 
bodiments, the protective film is formed to cover the 
electrode therewith. In order to more effectively pre- 
vent the electrode films from being corroded and to 

50 improve jetting characteristics, the SiN x film is 
formed on all the inner surfaces of each groove 12, 
as is particularly shown in Fig. 12. This is proven 
based on the results of the following test and meas- 
urements. 

55 The protection characteristics of the protective 

film were assessed by measuring a degree of corro- 
sion of an electrode in an corrosive environment and 
by measuring the variation in specific resistance of an 
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electrode film in an accelerated environment. The 
corrosion test was conducted according to a polariza- 
tion measuring method using a well known potentio- 
stat. The sample was a ceramic substrate provided 
with ten grooves, each having a side wall thickness of 
80>m, a height of 500>m and a groove width of 90jAm. 
Aluminum (Al) was vacuum deposited on each side 
wall as an electrode film. The ceramic substrate was 
then subjected to the CVD process wherein film- 
forming conditions, particularly the deposition pres- 
sure, were appropriately controlled so that the protec- 
tive film was formed on the half of the walls of the 
grooves 12, i.e., the elect rode alone was covered with 
the protective film in this case (electrode coverage). 
Further, to improve the step coverage, the protective 
film was continuously covered throughout the inner 
walls of the grooves 1 2 (continuous coverage) for an- 
other sample. In both cases, the protective film was 
formed in an average thickness of 0.2fxm. The two 
types of samples were each placed in a 0. 1 N aqueous 
sodium chloride solution. In the solution, Pt was pro- 
vided as a counter electrode and silver/silver chloride 
(Ag/AgCI) was provided as a reference electrode in 
such a way that the electrodes were kept away from 
each other ata distance of several centimeters. Then, 
a potential was gradually applied to the electrodes 
covered with the respective protective films to meas- 
ure how the electric current was passed at the sample 
electrodes. 

The results are shown in Fig. 13, revealing that 
with the sample whose protective film covers the 
electrode alone, an electric current starts to be 
passed abruptly at a certain potential. Thus, the pro- 
tective film is deteriorated and the electrode metal 
film starts to be corroded. On the other hand, with the 
sample having the continuous cover film, little or no 
current rise is found as in the former sample. This is 
because when the sample having the protective film 
formed only on the electrode an end face of the pro- 
tective film is exposed at the boundary thereof, and 
the corrosive solution enters from the end face, there- 
by causing the metal electrode film to be corroded. 
More particularly, with the sample whose protective 
film is formed only on the electrode, the function of 
the protective film against the stimulation from the 
corrosive environment is so poor that the corrosion of 
the electrode film is liable to proceed. On the other 
hand, it will be appreciated that the continuous cov- 
erage having no end face is better in the protective 
film function against the corrosive environment. In 
addition, it will be seen that when any protective film 
is not formed, the current starts to pass immediately 
after application of the voltage, resulting in immediate 
corrosion. 

For the accelerated environmental test, samples 
as used in the corrosion test were used and exposed 
to an environment of a temperature of 60°C and a hu- 
midity of 90% for 30 days, followed by determination 



of a variation in specific resistance of the metal elec- 
trode film covered with the protective film. It was 
found that with the sample whose protective film was 
formed only on the electrode, the specific resistance 

5 was increased to about 1.5 times higher. Whereas, 
with the continuous coverage sample, the specific re- 
sistance was increased only slightly to 1.1 times high- 
er. The reason why the specific resistance is in- 
creased to 1.5 times higher is because excess mois- 

10 ture enters from the end face of the protective film 
and oxidizes part of the electrode film. In general, the 
ink jetting in ink jet printers is ascribed to the defor- 
mation of the walls. From an electrical aspect, the 
charge and discharge phenomena of capacitor oc- 

15 curs to establish the equation, y=cR, wherein y is a 
time constant, C is an electrostatic capacitance of the 
side walls, and R is a specific resistance of the elec- 
trode. For the ink jetting, abrupt deformation should 
take place, i.e., y should be a value which is not larger 

20 than a certain level. The increase of R results in an 
increase of y, which is disadvantageous in view of ink 
jetting. It will be seen that, like the results of the cor- 
rosion test, the formation of the continuous protective 
film is better than the formation of the protective film 

25 only on the electrode film. From the above tests, it is 
necessary that the protective film be deposited at 
least on the electrode. Preferably, the protective film 
should be formed continuously, entirely covering the 
inner walls of the grooves 12 therewith. By this ar- 

30 rangement, the protective film 20 becomes resistant 
to stimulation from the outside, exhibits a good cor- 
rosion resistance, and brings about good jetting char- 
acteristics. 

When an ink jet printer head makes use of a con- 
35 tinuous coverage protective film of this embodiment, 
it has good durability and stable jetting characteris- 
tics. 

Like the foregoing embodiments, illustration has 
been made with a SiN x f ilm used as the inorganic pas- 

40 sive state protective film in this embodiment. When 
using films of oxides such as Si0 2 and SiON, which 
is a mixture of nitride and oxide, and built-up films of 
these compounds, a simi lar tendency occurs as in the 
results of the foregoing embodiments. Accordingly, 

45 when these ox-ides, nitrides or mixtures thereof are 
used to form a film that covers the entire inner walls 
of grooves, there can be obtained an ink jet head of 
high quality. 

As will be apparent from the foregoing, when us- 
50 ing an inorganic passive state film as a protective film 
of an ink jet head wherein the film thickness is in the 
range of from 0.1(am to a value corresponding to a ra- 
tio between the thickness of the protective film and 
the groove wall width of smaller than 1/8, a protective 
55 film is formed that can prevent insulation breakdown 
from occurring as caused in smaller thicknesses. Fur- 
ther, protective film in this range can suppress an un- 
desirable internal stress caused in a larger thickness, 
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resulting in good adhesion. In addition, since the for- 
mation time can be shortened, good productivity is 
ensured. In other words, a protective film having good 
insulating properties, adhesion and other protection 
characteristics can be formed in high productivity. 
Thus, an ink jet head with good stability in product 
quality can be supplied at low cost. 

Certain modifications and changes to the inven- 
tion will be apparent to those skilled in the art. The de- 
scription herein is not intended to be limiting to the in- 
vention as defined in the appended claims. 

Claims 

1. An ink jet printer head comprising: 

a channel plate having a plurality of 
spaced walls defining ink channels, said walls 
having opposed sides and a thickness; 

electrodes coupled to said opposed sides 
of said walls of said channel plate, said electro- 
des being adapted to receive voltage to deform 
said walls to cause ink in said channels to be 
ejected therefrom; and 

an inorganic passive state protective film 
formed on at least some of said electrodes, said 
protective film having a thickness of not less than 
0.1 um. 

2. An ink jet printer head comprising: 

a channel plate having a plurality of 
spaced walls defining ink channels, said walls 
having opposed sides; 

electrodes coupled to said opposed sides 
of said walls of said channel plate, said electro- 
des being adapted to receive voltage to deform 
said walls to cause ink in said channels to be 
ejected therefrom; and 

an inorganic passive state protective film 
formed on at least some of said electrodes, said 
protective film having a density of at least 
1.8g/cm 3 . 

3. An ink jet printer head comprising: 

a channel plate having a plurality of 
spaced walls defining ink channels, said walls 
having opposed sides; 

electrodes coupled to said opposed sides 
of said walls of said channel plate, said electro- 
des being adapted to receive voltage to deform 
said walls to cause ink in said channels to be 
ejected therefrom; and 

an inorganic passive state protective film 
formed over said electrodes and substantially en- 
tirely covering said ink channels defined in said 
channel plate. 

4. The ink jet printer head of claim 2 or 3, wherein 



said protective film has a thickness of not less 
than 0.1nm. 

5. The ink jet printer head of claim 1 or 4, wherein 
5 said protective film has a thickness of not greater 

than 1/8 of said thickness of said wall of said 
channel plate. 

6. The ink jet printer head of any preceding claim ex- 
10 cept claim 2 or another claim when dependent 

thereon, wherein said protective film has a den- 
sity of at least 1 .8g/cm 3 . 

7. The ink jet printer head of any preceding claim ex- 
15 cept 3 or another clai m when dependent thereon, 

wherein said protective film is formed over said 
electrodes and substantially said entire ink chan- 
nel formed in said channel plate. 

20 8. The ink jet printer head of any preceding claim, 
wherein said walls of said channel plate are made 
of piezoelectric material. 

9. The ink jet printer head of any preceding claim, 
25 wherein said protective film is made from a ma- 
terial selected from the group consisting of SiN x , 
oxides of Si, SiON and mixtures thereof. 

10. The ink jet printer head of claim 9, wherein said 
30 protective film is made of SiNx and x is 4/3. 

11. The ink jet printer head of any preceding claim, 
wherein said protective film is formed on said 
electrodes by chemical vapor deposition. 

35 

12. The ink jet printer head of one of claims 1 to 10, 
wherein said protective film is formed on said 
electrodes by sputtering. 

40 13. The ink jet printer head of any preceding claim, 
wherein said electrodes are made of aluminium. 
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least one side wall (11) of each reservoir is made 
of a piezoelectric ceramic material and has an 
electrode ( 13 ) for driving the piezoelectric 
ceramic element formed on the wall. The electrode 
(13) is covered with an inorganic passive state 
protective film (20) , and the protective film (20) 
has a thickness of from 0 . 1 mu m to a value 
smaller than 1/8 of a thickness of the wall (11) 
in maximum or a density of not smaller than 1 . 8g/ 
cm<3> . The protective film ( 20 ) may be formed to 
cover all inner surfaces of each reservoir ( 12 ) . 
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